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PROBLEM TO BE SOLVED: To provide a compact optical pickup device capable of reproducing the 
optical disk having different substrate thickness with one optical pickup device and having mutual 
compatibility and a simple structure. 

SOLUTION: In this optical pickup device, the luminous flux from a laser beam source 1 is condensed 
on a recording surface 8 via the transparent substrate 7 of an optical disk and reproduced by receiving 
the reflecting light from the recording surface 8 with a light detector 9. In this case, when the number of 
the aperture in the optical disk side of an optical system required for obtaining a light spot reading 
information of a first optical disk having the thickness t1 of the substrate 7 and the recording density i1 
with a wavelength &lambda is meant by NA1 , and the number of the aperture in the optical disk side of 
the optical system required for obtaining the light spot reading information of a second optical disk 
having the thickness t2 of the substrate and the recording density i2 with the wavelength &lambda is 
meant by NA2, it is specified that the number NA2 of the aperture in the optical disk side of the optical 
system is >=NA1 , the best wave front aberration of the light spot by the substrate of thickness t1 is 
<0.05&lambda rms, and the best wave front aberration of the light spot by the substrate of thickness t2 
is <0.07&lambda rms within the range of NA2. 
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[0 0 3 8] 
1*1] 



10 



[0 0 3 9] H&t. 

[0 0 4 0] (m&OJBmWl) @3tfcV^, U— !f 
*2£iIi®LT=yp<-*UVX3£iIoTfSl£WTtf; 20 

6tAlti-«. ^^vX6frAltUfc5tmiiJ¥^0. 
6 mm(0|ffi 7 £il LTlfiilE^ffi 8 ±K*3t SftSo 

fc**tt, 3*«U^X6» =y ^-^u>-X3Sr^L-C 
[0 04 1] w©*«ffl«9tt:^tl*iifcP I N7t 

[0 0 4 2] JJcK^©H3J::ji«tfc«C*5»t5*3t3fe¥ 
^ro^7 f -^Sr« l&tfS^ln^-To 40. 
[0 04 3] 

lii] 



i 


rl 


dl 


nl 


0 




0.55 


1 


t 


CO 


3 


1.514546 


2 


CO 


23.9 


1 


3 


-15* 


1.2 


1.878333 


4 


-20.58 


2.9 


1 


5 




0 


1(03.99) 


6 


2.0282 


2.6 


1.4981 


7 


-5,223 


1.526 


1 


9 




0.6 


1.58 


9 









[0 0 4 4] 
1*2] 



rGttlfttiEifl 


m 


K =-0.54772 




A1 = 0.50718X1 0" 3 


PI ss 4 


A2 = 0.32560X1 0~ 4 


P2 =6 


A3 =-0.60919X1 0~ 5 


P3-8 


A4 =-0.1 6366X1 0" 5 


P4 =10 


r7<0*J*B)fl&S 


K =-21.8737 




A1 s 0.98897X1 O" 2 


P1 =4 


A2 =-0.29123X1 0~ 2 


P2 « 6 


A3 - 0.57052X1 0~ 3 


P3 = 8 


A4 =-0.50245X10"* 


P4 =10 



[0 04 5] 6 3 5 n fcLkT-Wft 

&&ffiilXMl±NAO=-0. 6<7?<k£0. OOUrms 

[0 04 6] EltfRJ^BSiSftSSffilRSttO. 0 
ifiS^DVDOS^ffli LTIi, 0. 0 5 A rmsKrti 
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[0 0 4 7] 0414, C0>«3te*¥3R-C, ^2<7?S«J? 
*t = l. 2mm£fl-L-Ofc*#s> hSriUtLfct* 

[004 8] EMIC^T, NA 0 = 0. 60^MPT? 
Wft^&ffiJtXMiiO. eOArmst'fc!), Z<DtZ<F> 

(3. wOlRSttNAiJ/JxS<45i3|ljjrt-5. NAii 

0. 3 7 <D T-ft&&ffiI|Xgl±fif£0. 071rm 10 

s kt£'Q-*\' :! s J rJl><DmRfttt£Z) 0 lottery 

5 0 NA#0. 3©£::£T?ttft&*ffi*lMttKHf0. 
031rmsi49^#y HttBttiEIMSjfc J: (5 fflft* 

[004 9] SW^l. 2mmW3t7 :f -Y^^T-CD* 
1/NA=1. 7 5 (urn) K±-C^4* 
*»9ttlB*#b*l*. X = 7 8 0 nm©i^, NA = 
0. 45T*fc9, NA=0. 3 7 X\t A = 6 4 8 nm, 
NA=0. 3 0-eiiA. = 5 2 5 nm-Cfe5o iot, X 20 
= 6 3 5nm©l/-fS:MV\ NA0. 3 7T-ft&&B 
fca£«r#*.*iE*M»j<& J: 9 safttlWI-ett 8 M m&5£ 
4 6 J: 5 t*Mft U' ^X£ft fgiE&BK # 1 2 ifcjcT * f- 

[0 0 5 0] ff**yi*fc>f a^lffcJB^TtfWHH 1 
Jt*S:DVD«)»&i:BIS«i:LT5StNASr/h*< L 

^Wi:#roNA2 = l (^m) /2. 46 Urn) ^ 
0. 2 6£fc9» *JMSB5*U6l±0. 016irrasi 

[00 5 1] C(Oi:tNA2 (0. 37fcL<l40. 2 

6) ei±» na o (o. 6o) uT<om%i*m®i-z>yt 

JfcttflWI^9fcH:lF^-&1\ ^FK3tfc45. rwfiS 
if£©7fej£»4*# *«B5JR2i*8ro r. t \z J: 9 fit «!E®ffi 

[0052] (mM<ommm 2 ) a 5 «. m&v&mm 

[0 0 5 3] H5Ki3V»-C. U— JfJtiKll (A = 6 8 
Onm) *»5>tHWtfc*S[li<B3tK'-A^7'!; 1 
2. =" JJ ^-^ 1/VXl 3. l/4«*Kl 4£igiiL 
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^tofcElbSii*#*i'>X6teJ:9#? , «<**0>* 

&ffi 8 -ettf « tfyFCJ:!) KM SftTKtt Ufc**Ht» 
Tft5»*W^X6, 1/4»*S14. =!)/-^uy 
Xl 3 5rSi§LT«7felf-A^7°y 1 2fcAltU 
ww-CEJtLT#lfcffl$Sl 9-(6]7i^o #«tti*l 9- 
o*!5±^Sfli$iifc->yi'KJ»*^u^Xi OK J: 9 
^HXH^^f,^ DflUi'Xi 6fcJ:9ffiF*fcifc*:S 

[0054] 06 14, jtttffiSrosw-m^fc^-f-H-e*) 

-So 

[0 0 5 5] HI 6 ic*3l ft&ttJ^ 1 9 ttBfcij*-*- J: 
5 K A~D© 4ol^W SixfcJll^ 9 , 

S li^tx -f * 9 roflHKEftaaroflHR hyy^O? 

y *;H/^Xi 0<De«fttc*fL-CI4B&4 5° ©£[6] £4 
fcJ:9, (A + C) - (B + D) ©**Ci9, h7j/ 

9 a 7 tu £ 1*01 itf^'/a 7>ft-c-i4 , 

(A + B) - (C + D) 9. ftlSMfcftSftT- 

14 (A+C) - (B + D) Oitg(C«t9**bn, flMR 
flT*tt (A + B + C + D) -C***P>tl5. :il?»©|*tH 

[0 0 5 6] El503fetfy^T5/7 , ^glCfflV>t ) 
n««*3fe**0*^-***3At«{4lca%"f. 
[0 0 5 7] 4*3, 3 y ^ U^X 1 3 14, ttfpSr* 

r. t \ci 9 ftm i^x^ttfc*Mz£©¥fT3feSE 

t&^M5rit. 4*3, w©«t*5i^-ci4, 

b»lK|&i#BWU>XffiWffe^gS:r i, Jgi#@ 



[0 0 5 8] 
[*3] 
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ri 


dl 


ni 
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~ (*»/) 


0 


1(^3.997) 
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2.2507 


2.4 


1-585352 


3 


-6.4085 


1.542 


1 


4 


oo 
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1.58 
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[0 0 5 9] 
[*4] 
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H 


K — — n i\Ari7o 

fx -"U.QUUrp 




A1 — n fay h a"*^ 


PI = 4 


AO — — ft A**^ 


P2 = 6 


A^ — A A7Q01 V4 A"*' 


P3 = 8 


A A — A IACI^via"^ 
M^ =— U. 1 UD^icX 1 0 


HI 4 A 

P4 =10 


AC — ft fi09QAvl A~' 


P5 =1 2 




EE 


K =-182 00 




A1 = 0.24278X1 0" 2 


P1 = 4 


A2 =-0.68251X1 0" 2 


P2 = 6 


A3 = 0.41007X1 0" 2 


P3 = 8 


A4=-0.11386X10" 2 


P4 =10 


AS = 0.12549X1 0~ 3 


P5 =12 
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[0060] f = 3 . 17mm NA0 = 0. 63 
*M1fc<0]&1&m(Dytmteg:X = 6 8 0 nml::*5^-tf4, 
BlOfcf-r** m*-t£DVD) ©K*ttJUCi5W* 
NAi-7iCt3*)NAlfiO. 6 0, 8£2<D3fex.fX^ M 
*J4*CD) ©flE*fflUCi8«4NAl-fc;b'&NA2H>f 20 
= 7l'lF£0ffflL4Vi§<£-O. 3 9tfe5, 

[0 0 6 1] IH 7 (a) 14, 
X«S^f^tl=0. 6mm (ll(0)tf-f ^^©S 

[0 0 6 2] 07 (a) d^T, lOJHfcl'^XT? 
14, XSJ?*t 1 = 0. 6mm<£>£ #1;:, «EllXg£ 

(1/2) NA2#2t^^,NA^0. 20if$-e^ 
iEiBHI (*—>*—) , NA2^j5"f-^h)*,NA^0. 4 

»4, (1/2) NA2 J; VHA2<Dft£\Zt>tfXWE* 30 

(o. 6 3)- w(5Hrt-e©*a»a5ii5i3ii4tto. 021 

r m s "T?fc<5<> 

[0 0 6 3] rcott^vXtco^-c, &KJ¥*ti = 

0. 6mmOaKS«Sr^LT«5t*t»tjb5*^*y 

tLXXWL&1~Ztm7 (b) ©J: 5 £45. 
[0 0 6 4] affiJfcgtf^fclijESftTV^JM&U^ 

*S, rw#JW##?U->'Xt;:*5^Tf4, ^ffillXM^ (1/40 
2) NA2W-jfi1"4t>*)NA*«0. 2 0K*T»ttjBiil 

(*-/<-) , NA2f+ifi1-4fo*>NA*J0. 4<75iS5£ 
T?3fe£fc*|jE£ftfc:|Kll^fc5fca, 0 7 (b) (Dip 
\Z (1/2) NA2ttfit^t,NA^0. 2i»X>* 
#<NA1 (XI4NA0) £0 t/h$V^P»NA4 

Cl<D0!Jl::*3^-CI4NA4=NA2 =0. 3 9) ttifiT* 

[0 0 6 5] 4*3, NA4I4, 50 



(1/2) NA2<NA4< (1/2) (NA1+NA 
2) 

*4SJ:$K*MM-5©jiSH*U* (±5£lw*3^T, & 

/8±, NA1 £NA0i LTtxfcH „ 
[0 0 6 6] BI8I4, :©»iuyXtSffif^t2 = 
1. 2 mm (J^Oatef-f^oatSJPfctfJS) ott 

<fl, NAirdftAftffiiRitRV-toi:*©^*-*^* 

[0 0 6 7] 081:^^, WWUVXO (1/2) N 
A 2 £>i§5 £ Oft&fc N A 2 <73K $ ©3t* J: 5 aJWtettlE 
LT*5< i ilcit), NA2©KS«53t*«: (1/2) 
NA2«)MS«)3feS[J:5T>^-i4oTi8 9, 

4 5 r £ i o ■t*4i"5 *-/<-05*ffii&g 
Sr^'>$-fr5^t^x-t5. NA=0. 4 1^it(^ 
/LO. 0 7^.rmsi:4t), "V Uv'-r/KDPg^rt £ 4 
5„ NA2 (NA=0. 3 9) X<DM&®.W$im± 0 . 
05A.rms£4!? U VX-e?E#C DttCOftrr 

-< X?&m&-&Z>ZbtfX% Z>„ X, tl=0. 6mm 
WDVD;fr^W3fcT-f*?Wg^&!9 *>NA0==0. 6 
3-e*&jftfl5lfcgO. 0 2Arrast^i:/J^<^ 
d^J-C-14, *f^u>-X{cJ;t3^ffil|x^$: t 
2 = 0. & mmnW&M-K-O t tl-, (1/2) NA2 
wKS©3^fcNA2©i(£©3te*J:9li:iEiffiH 
><-) i:45J;5(-bfcijS, £*U40l;ttf = JJ 

& t 1 = 0 . 6 mm<Dmfa%fr L-Tftr -Y * * 0>flM«B 
»iB±t*3tSa*:i:*K:. b-f^bLX (1/2) 
NA 2 oS5$ ©3tJft*s N A 2 (DS5 § «t 9 ftEiAJM 

|r4o-0\ftl4*&i\, 
[0 0 6 8] ^tSj&lr.fcSt, n*jJS/>* 
<fcMt3M«*i« <■<•*, &**TIB4#fV**fc*t 

[0069] {%m<Drmm 3 > 0 9 14. mfoTgitRfli 

303ttTy^Ty7'KllS:^i-Bl-e*)5 <> 01 014. ]) 

y ftf; <nytj&mm$b Z 5 ^ ^ ^ <o Si x- h z . 
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[0070] a 9 1±. mi&mmm 2 com 5 \z&\, *x 1 

/4j^Sffii 4 tft%o\<>-y7ZG(D?$<nyt'g s ±.\z^ 010 
<o X 5 ft y ^ttofcfciKBftas * fc^fjfc 
fccDT-, S52©*^**©traB^WLBS#£i:4S 
y h ^ £ (r £ 9 , JEKSfc&Hi L 

[0 0 7 1] B9£*5^T, U—fJtSRl 1 U = 6 8 
Onm) *»5>a«-Lfc3tS[J4. M3fet'-^^7'U 1 

2, 3^- ! ?i/yxi3 1 i/4jsssi 4%mmi, 

1 5 £@i®LT^* #y hSn, a**^ 

x 6 \z x 9 %7 ! 4 * 9 wis 7 sr^ Lxmm&mw 8 ± 

KHft^ftSo -©flSf«B»iB8-cflMStfy McJ:9* 

^M5, l/4Stft«14, 3!)^-^uyXl3 
SrgilbTig^t'-^^T'y y* 1 2 {CAUL, 

-flT5\ ttF*(S-S-rottWttlllfc©»IB«2i:IBI«-e*> 

[0072] anii, 3^ai[ro?g««©ifc*3t*3R-e 

[ 0 0 7 3 ] HI 1 1 easier. tt± i 9 N A 2 

2~NA0*-e©fi«l4«E*»!)^flF#-&i , y>fXja^ 30 

t^5^-C"fe5o wWJt^^NAOtCifiVglJ^tt^ft 

7*— #*Lfc:RfB£4o-a8»>, *£4y"-fXBBi: 
li*5>4V\ NA2fci£lr*«#l±, 0 fcW3»4* 

X£fc9 2?y*-£fl;$:S;ta<. ^©&, NA2©f|igc 
it)^<NAl (XI4NA0) <£9/>$v^HP*lc:3t 

9, /-YXii*KHi:ft«3t*©3ttftHJ«^«)A»S:B& 40 

[0 0 7 4] C©-7*?g|5©^l4. *#iBtf<5i}t* 
n*©tg*\ gll ©ftx-f** (ARifDVD) A»t>0 
flraH»WLtefE©5&<ffc«:Sta<. tot, /-fXjfc£ 
t453tS©a5Kl«5«flM6:iai45«)iJa<» Afttf) 
l:«NA 2 ©iSHT*ft&&Mx^i ft mSftS £ 9 . 
£.£SUS© 1 ~2«£#Kg.;£fcgj;ft3|C$-efc* y h 
UT^So 3. / (2XNA 1 ) T-S-ifcft. 

A=6 8 0nm, NA=0. 3 9 <7? £ # jjs-j 2 . 2 // m"C 
*>9, #&3fc*^-C-|4NA=0. 4 2<Dft%.\Zfc%-f 50 
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5. X, NA=0. 4 7f»4. 7*m8Jt4D. #. 
,£«©2teift5„ iot, *»&y ^©rt«tt 
NA = 0. 3 9, *Mif4NA=0. 42~0. 47iL 

[0 0 7 5] £©^**tt#-rLfcjfcfcfcKJK$-tI:$C 

ttJ:«jise-c«<, sit, ma, aw, 0^©^ 

-ettft<, =>y^-^u^x, Miuyx, tf-^x:/ 
y y^^M&wjt^^i-fWbS-frrtftv^ 

[007 6] ^l-*f^W-VXwAWi!l7t^ffi^L< 14 a 
[0 0 7 7] X, ^W-vX^teU— VytUfrbnVDls-y 
few*** <t 9 ff»£fl!r«BftiE±fc:*< r. t 

[0 0 7 8] ft*5, «±<7?Mi-*5V^T{4v^.^CO?f^^ 

y v^tttfcoTv^fccD&^Lfciis, 01 ofc^-f-y 

^£©3fcJt0ISE«S© HI6 Lfc^W»©5/ y 
?|5AirC (XliBiD) ©M$fc:tt£1-3a5#£$L, 

if, ^l©3tx^^^co^gi9 j ?'#fii^lcjo^ 

ffi 9 P*fc3fc«a#K: A*H"5 y Xif^gB t ft 5ft3$[ 

[0 0 7 9] (£tt0Hgffi0l4) HI 2 it, 8^SiJ©3fe 
ttHJS©*^**^^^?. (a) tem+ffif&ZTfrt 
0, (b) (4gBJS«W/»^- 1 = 0 . 6mm«il«* 
x-f*? (flitfDVD) *»b©3feSE©«*!R«S:SW- 
0, (c) f4SW&f£tf>ff#- 1 = 1 . 2mmOi2C)fc 

[0080] HJ£©^fil^j2©0 5tt3V^, 45>fiJ^ 
«lliHitf5*.-CH l 2 (a) ©J:5 4 8^«)ttttil»i: 

^9 1x5 r t \z i 9 MKff£tefi£rS]±£-e5 n t 
[00 8 US12 ( b ) i4. mw&fcnmtt- 1 = 0 . 

[008 2] ^#1^ S teitTJ X ? ©1fffSIE$iffi©1f $8 
h 5 y »*|S|i5-g[t5 J: 5 1: LTJs 9 . t> 

tnUR «t 9 (*3ffi© 4 #f "J S nfcmti t . ^-fPJl© 4 »fij 
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[0 0 8 3] 7*-***:7-«-§-tt#jKl&MftKJ:9 
(A1+A2 + C1+C2) - (B1+B2+D1+D 
2) 

(A 1 +A2 + B 1 +B 2) - (C1+C2+D1+D 
2) 

[00 84] X, tfafll-itte**©©*! (A 1+ A 2 

+B 1 +B 2+C 1 +C2+D1+D2) , ^L<l±^ 
fflUO%-<D (A2 + B2+C2+D2) T'^tii^ixS, 

[008 51 B12 (c) II, t = l . 

2mmOi2 Wftr^ *?frb<D%Mft 8 ^M^ttUS 

. [0 0 8 6] «P£>»fcfcV*3fegM£«:«r*>, *r©*HW47 
HrHK©*#i:4?K r«)«f*a*r±K:S*i-5 (A 
1+B1+C1+D1) ■efl!f#«#S:ttU1-5 0 r©§ 
3fe«HI±atflEN A 2 ?>3fc3£rt i ft 3 LV \ 

[0087] y*-*x^y-m^m$gMm.m^£') 

(Al +A2 + C 1 +C 2) - (B1+B2+D1+D 
2) ^L<I4 

(Al+C 1) - (B 1 +D 1) 
hyv?^7-m%if7vi'^7frmz3:<9 (AHA 
2 + B1 + B2) - (C 14C2+D 1 +D2) 1 : L< 
l± (Al+Bl) - (Cl+Dl) T*^ffi$4x5 0 

[0088] zniifumum*, mmmwz&mi- 

2>ffi$T-#fiH-5r CDf t = l. 2mm« 

MIEN A 2 H±NA 1 (XI1NAO) S*U<I4 
1. 2NA2£tT©y^^3t3iaiEiKSBS:3t*4'tKrt 

[0 0 8 9] 

5i#IB*T? h 4 D V DS^fflft y?V9~T y 

mxn ozt §o rest fcfr 5 *s;T?i4mjta*# 
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[Hi] ft*#A5>il-CV^*fcry *T y5H08T? 
[0 2] S*EJ¥*i:*Aftffi«lJlSi«)H«Sr^i-H-efc 

[03] MM^mMmi <o%^ yirr-y^mm^i-m 

[04] WfaOWMfrM <D t = 1. 2mmStgWt#CD 

10 0T-fc5 o 

[0 5] iafi©#j»«2©#l*y*7y^S|tfcii^B 

[0 6] 3Hfcro£ffiffl2 ro3ftU«0*?«jft$CTl-H 

[08] %M<omm2(onm^^xx. 2 = 1. 2m 

20 [09] HJtrojgffiWSOJttry^ryVgB^fBI 

[0io] mmnmmm 3 © y ^^otjta&Rafc^r 

[011] HJSro^|i0ij3(O3tfc°y^7'5/7 p W>SfifelU> 

[012] mnojmvi 4<D8 ^(D^mm^m^m 

1,11 u-1f 
30 2 *n ; /7^f-^^7 , lJ y* 
3, 13 ay^-^u^X 
5,5 1 $9 

6,61 

7 ££ 

8 IffBIE^B 

9, 1 9 ft&ffiS 

10 ^y ^Ky^/n^vx 
12 dTtf-A^yy V 9 

14 l/4j£g« 
40 15 !)y^7^? 

1 6 iffluyX 



1^72. If 
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